An anaerobic culture capable of dechlorinating polychlorinated biphenyls was subcultured under strict anaerobic conditions on solid media containing sterilized river sediment. The dechlorination activity was transferred as a bacterial colony on a solid medium three times. After two transfers on solid medium, the culture was no longer methanogenic but still dechlorinated a mixture of tri-and tetrachlorobiphenyls. This demonstrates that anaerobic bacteria are responsible for the polychlorinated biphenyl dechlorination and can be grown without polychlorinated biphenyl on solid media.
Polychlorinated biphenyls (PCBs) have been a public concern for several decades because of their persistence in the environment, ability to accumulate in animal tissue, and potential carcinogenicity (22) . The PCBs usually reach the environment as a complex mixture of PCB homologs and isomers. There are 209 different PCB homologs and isomers that are collectively known as congeners. Commercial PCBs (Aroclors) are mixtures of these congeners and were used in electrical transformers and capacitors. Although PCBs were thought to be recalcitrant, recent studies have shown that PCBs have been extensively dechlorinated in some environments (5, 6) .
In the laboratory, many PCB congeners can be reductively dechlorinated under anaerobic conditions (18, 20, 21) or oxidatively degraded by aerobic microorganisms (2, 3) . Isolation of the aerobic organisms has included the use of traditional techniques such as growth on a solid medium. Such techniques have led to the biochemical and physiological investigation of aerobic PCB transformation (1, 2, 12, 19) . The successful transfer of activity from anaerobic sediments to fresh sterile sediment and the lack of activity in sterilized sediment suggest that the anaerobic activity is biologically mediated (18, 20, 21) . However, the anaerobic activity has never been directly attributed to bacterial activity, and no dechlorinating organism has been cultured on solid medium. Hence, no PCB-dechlorinating anaerobe has been isolated, nor has the biochemical mechanism of reductive PCB dechlorination been elucidated.
Although dechlorination of an aryl chlorine has been shown to occur under many anaerobic conditions (4, (13) (14) (15) (16) , only one microorganism that reductively dehalogenates a chlorinated aromatic has been isolated (24) . The dechlorinating organism is now classified as a sulfate-reducing anaerobe capable of aryl reductive dehalogenation (Desulfomonile tiedjei DCB-1) (7). D. tiedjei can dechlorinate chlorinated aliphatics (11) and halobenzoates (10) , but it has not been shown to dehalogenate PCBs. The ability to culture D.
tiedjei on an artificial medium has enabled researchers to characterize the reductive dechlorination of chlorobenzoate (9, 10, 17 The sulfate-amended enrichments were transferred to medium containing a mixture of 2,3,4-CB (105 ,uM), 2,4,5-CB (210 ,uM), 2,3',4'-CB (49 ,uM), 2,3',4',5-CB (39 ,uM), and no sulfate or Aroclor. These cultures were streaked onto anaerobic slants consisting of RAMM and one of the following: methanol (200 ,ul at the base of the slant), cellulose (0.1%, wt/vol), fatty acids (2.5 mM each sodium acetate, sodium propionate, and sodium butyrate), or PCBfree sediment (0.5%, wt/vol). The sediment-containing medium was prepared by first sterilizing a slurry of the sediment in RAMM for 3 h at 121°C and then solidifying the medium with Noble agar (1.5%, wt/vol; Difco, Detroit, Mich. The enrichment cultures that initially received Na2SO4 were used for the subculturing experiments described here. The enrichment cultures expressed no activity until after the sulfate was depleted (9 weeks) (detection limit of 1.4 mM with EM Quant test strips [EM Science, Gibbstown, N.J.]). After 15 weeks of incubation, the activity observed was very different from that of a nonamended enrichment culture ( Fig.  1 ; Table 1 ). The pattern of dechlorination from the sulfate enrichment cultures suggested that para chlorine removal occurred only with congeners containing para and meta chlorines that were adjacently positioned. The observation of different dechlorination patterns suggests that different dechlorinating organisms were enriched. There are precedents for more than one population of PCB-dechlorinating anaerobes being present in the Hudson River (6, 8) .
The initial sulfate enrichment cultures were transferred with the single congener mixture (see above) three times and then streaked onto agar-containing medium. After 1 month of incubation, colonies were picked from the solid medium and screened for dechlorinating activity. The only culture that showed dechlorinating activity came from a slant containing river sediment. Analysis of the first active screen 20 tube after 24 weeks indicated that the para and possibly meta chlorines of the supplied congeners were removed (Fig. 2B ). This was determined by the presence of 2,3'-CB, which could only be produced if a para chlorine was removed from 2,3',4'-CB, and by an increase in the peak that represents 2,4-and/or 2,5-CB. This active culture was resupplied with PCBs and sterile sediment slurry; additional activity was seen after 2 more weeks of incubation. During this period the culture produced 127.4 ,umol of CH4 with sediment as its sole source of carbon.
The procedure of growth on solid medium followed by reintroduction into sediment slurry was repeated; two of the eight colonies selected expressed dechlorinating activity in the screen tubes between 4 and 8 weeks of incubation. A chromatogram demonstrating the activity from one of these colonies appears in Fig. 2C . Growth on solid medium was repeated once more; one of the four selected colonies was dechlorinating after 41 days. The PCB-dechlorinating colonies that had been grown on solid medium for a second or third time were not methanogenic in the sediment slurries. In contrast to the colonies that had been grown only once on the solid medium, the cultures that were passed two or three times on solid medium produced only 2,4-CB and/or 2,5-CB after 12 weeks of incubation in the sediment slurries. The ability of these cultures to dechlorinate other congeners is still under investigation. This is the first report of anaerobic bacteria being removed from river sediment, grown as colonies on solid media, and then dechlorinating PCBs after being reintroduced into sediment slurries. The repetitive transfer of PCB-dechlorinating activity by the transfer of a bacterial colony proves that anaerobic dechlorination of PCBs in sediment is biologically mediated. This has been accomplished by using RAMM and 0.5% (wt/vol) river sediment with 1.5% (wt/vol) agar to solidify the medium; therefore, we can also conclude that this PCB-dechlorinating organism(s) does not require PCBs for growth. A pure culture of this dechlorinating organism(s) has not been isolated, but the ability to culture these organisms as colonies on a solid medium may have allowed for some selection of the dechlorinating organism(s). Our success rate of selecting active colonies suggests that a consortium may be required for the dechlorinating activity to occur. James Tiedje was recently able to grow anaerobic bacteria from an actively dechlorinating sediment on a heterotrophic solid medium (25) . Transfer of these bacteria VOL. 58, 1992 on July 6, 2017 by guest http://aem.asm.org/ Downloaded from from the agar surface back into sediment resulted in PCBdechlorinating activity. This result is in agreement with our findings which show that anaerobic bacteria are responsible for the dechlorination observed and can be grown without PCB on solid media.
